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REFRIGERATOR DOOR WITH AN ADVANCED INSULATION 
AND RE-CYCLING PERFORMANCE 



10 The present invention is related to a refrigerator door inner and outer surfaces of 
which are plastic coated and which contains no polyurethane in its insulation 
system. 

Refrigerators are cooling and/or freezing devices manufactured for the purpose of 
15 keeping food fresh. A refrigerator is desired to have as large an inner volume as 
possible and to consume little energy. Besides these, after completing their 
service lives easy decomposition and recycling properties of the parts and 
materials constituting the refrigerator, are quite important with regard to 
environment protection problems. 

20 

The major parameter for a refrigerator in order to have a large inner volume and 
to consume less energy, is its insulation system. From the insulation system of a 
refrigerator, the type and heat transfer coefficient of the insulating material, type 
and heat transfer coefficients of inner and outer lining materials of a refrigerator 
25 and insulating thickness of the walls of a refrigerator are easily understood. 

In order to provide less consumption of energy, the heat gain of the refrigerator 
must be reduced as much as possible. This is provided by the improvement of the 
insulation system which can be achieved by increasing the insulation thicknesses 
30 of the presently used systems or by developing a new system with a lower heat 
transfer coefficient. 
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As the external dimensions particularly as depth and width the of the refrigerators 
are restricted by standards, reducing the thickness of insulated walls appears to be 
the only solution when inner volume is intended to be widened. In the known 
5 insulation systems, reducing the thickness of insulating walls, leads to an 
increase in the refrigerator heat gain, and therefore more energy consumption. In 
this case in order to meet optimally the wide inner volume and low energy 
consumption expectations, a more effective insulation system has to be used. 

10 In addition to the above mentioned expectations, such properties as easy 
decomposability and recyclability with a relatively low cost of the material and 
components, are taken into consideration in the new insulation system. For this 
reason, at the design stage of a refrigerator, recycling and re-usage possibilities 
have to be considered and reflected to the design. 

15 

In the insulation systems of the existing refrigerators, steel sheet, thermoplastic 
material [polystyrene (PS) or acrylonitrile butadiene styrene (ABS)] and as 
insulation material polyurethane, are commonly used. 

20 Steel sheet is used to form the outer surface of refrigerator cabin and doors, 
whereas the inner surface are lined with thermoplastic material. Polyurethane is 
used to fill the space between inner and outer liners. 

When liquid polyurethane, obtained by mixing poliol, isocyanate and a blowing 
25 agent in given proportions, is injected into the insulation space, it takes the form 
of a foam that adheres both to the steel sheet as the outer lining material and to 
the plastic being the inner lining material. As it also adheres to the door gasket, it 
helps the fixation of the gasket in the system. By means of this adherence, in 
general, a strong structure for the refrigerator is obtained. However, since 
30 polyurethane is a thermoset material, it cannot be recycled. Furthermore, as it 
adheres to the steel sheet and to the plastic, after the service-life is completed it 
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causes difficulties in decomposition of these components during disassembly and 
increases the cost of this operation. 

The above mentioned existing insulation systems and the combined structure of 
5 the materials used in these systems make the recycling process very difficult, 
even impossible. In addition, by these systems it is not possible to obtain a wider 
inner volume with constant external dimensions and to provide less energy 
consumption without modifying the existing cooling system. 

1 0 As giving a steel sheet the desired form is quite difficult and expensive, its use as 
outer lining requires some processes for aesthetic purpose and restricts the 
design freedom. 

There are some studies proposing the use of plastics in manufacturing 
15 refrigerators, particularly refrigerator doors. In the US Patent No. 5.533.311, a 
unitary plastic refrigerator door made by thermoforming an outer refrigerator 
door liner with an inner refrigerator door liner. The inner plastic liner is designed 
so that it press-fittingly receives the door gasket designed previously and the 
inner plastic is attached to the outer plastic door liner. Into an internal chamber 
20 (space) defined between the outer door liner and inner door liner a foam is 
injected. No explanatory technical details about this foam are given in the said 
document. 

The Japan patent No. 8.189.755, discloses that the exterior of the refrigerator 
25 door is made of thermoplastic resin and the inner part of it, from plastic. Inner 
and outer plastic liners are attached to each other by means of a specific profile 
and the gasket is held in the system also by means of this profile. The space 
defined between these two liners is filled with a heat insulator. No detailed 
information was given in the said document. On the exterior side of the 
30 refrigerator, the profile is provided with a decorative sheath at the edge. 
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In the US Patent No 5 306 082, an "all plastic refrigerator" manufactured by 
blow moulding process is mentioned. Some structural shelf-like forms are 
created by the help of the recesses formed inside the inner door member, for the 
purpose of storing food. Inside the insulation space such non-rigid insulating 
5 material as, blown foam element and weak fiberglass particules are filled. 

The above mentioned patents do not bring a new proposal with regard to 
insulation systems, although they provide the inner and outer sides of the 
refrigerator door to be formed by using plastic. 

10 

The main object of the present invention is to reduce the insulation thickness by 
providing a new insulation system with a different and better insulating 
performance as compared with the existing insulation systems and in association 
with it, to provide a refrigerator with wider inner volume that consumes less 
15 energy. 

Another object of the invention is to realize a refrigerator inner and outer 
materials of which are of plastic, which contain no polyurethane and which can 
be completely recycled. Due to the advantages of using plastic material, realizing 
20 practices related to external appearance, i.e. aesthetic considerations and 
providing elasticity and freedom in design are among the other objects of the 
present invention. 

A preferred embodiment of a high insulation and recycling performance 
25 refrigerator realized to achieve these objects is illustrated in the attached 
drawings, wherein: 

Figure 1, is the cross-section view of the refrigerator door; 
30 Figure 2, is the section view of detail A shown in Fig.l . 

4 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9834077A1J_> 



WO 98/34077 



PCT/TR98/00004 



The corresponding component reference numbers are as follows; 
1) Refrigerator cabinet 
5 2) Inner plastic liner 

3) Outer plastic liner 

4) Vacuum insulation liner (VTP) 

10 

5) Expanded polystyrene (EPS) 

6) Gasket 

15 7) Plastic decorative cover 

8) Gasket recess 

9) Mould support element 

20 

In the refrigerator according to the present invention, a plastic liner (2) 
constitutes the inner surface of the door. This liner (2) is formed by vacuum 
thermoforming process. A gasket (6) used to provide the insulation between the 
refrigerator door and cabinet (1) is fit into a gasket recess (8) designed on the 
25 surface of the inner plastic liner (2) and its profile is shown in detail in Figure 2. 
The outer surface of the door is lined by a plastic liner (3) which is 
advantageously made by a thermoforming process enabling the designers to give 
the desired aesthetic appearance. 

30 For the insulation system of the said refrigerator door of the present invention, a 
combined structure consisting of vacuum insulation liner (VIP) (4) and expanded 
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polystyrene (EPS) (5) is used instead of polyurethane. This structure is prepared 
so that it fills the space defined between the inner and outer plastic liners (2 and 
3) by being placed into a mould assembly consisting of male and female mould 
elements. After closing the moulds in such a manner that they receive the 
5 vacuum insulation liner (4), expanded polystyrene granules are injected into the 
space defined between them and subjected to steam process. After injection all 
VIP is left within the expanded polystyrene thus providing the two materials to 
constitute a combined structure. During polystyrene injection, the moulds are 
placed horizontally by means of the mould supporting elements (9). It is also 
10 possible to place said moulds vertically. 

Then, the above described combined structure is located between the inner and 
outer plastic liner (2 and 3). 

15 These plastic liners are joined to each other, according to the principle of 
melting the plastics and welding them together by strongly pressing on each 
other, by using such methods as ultrasonic welding, vibration-welding etc. at 
their contact points. After the completion of all joining and assembly processes, 
the joining seam is covered by a plastic decorative sheath (7) to provide an 

20 aesthetic appearance. 

This insulation system can easily be disassembled and decomposed at the end of 
its usage life. As expanded polystyrene does not adhere to the inner and outer 
plastic liners, the said plastic liners may be recycled and put in the form of 
25 granules. Moreover, polystyrene is also a thermoplastic based material such as 
the said plastic liners and can be recycled, just like the VIPs which can be re- 
used unless deformed by any impact. Consequently, a VIP that can be taken out 
of an old refrigerator, may be used for the insulation system of another 
refrigerator. 

30 
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Although the preferred embodiment of the present invention is disclosed for a 
refrigerator door, the above mentioned combined structure may be used also for 
the walls of refrigerator cabinets. 
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CLAIMS 

5 

1 . A refrigerator door wherein its inner and outer surfaces are lined with plastic 
material, characterized in that the vacuum insulation liner (4) is placed 
horizontally or vertically into a mould assembly consisting of male and 
female mould units, by means of mould support elements (9); after closing 

10 the moulds in such a manner that they contain the vacuum insulation liner 

(4), expanded polystyrene granules are injected into the gap defined between 
two moulds and are subjected to steam fusing; following the injection process 
the vacuum insulation liner is completely left within expanded polystyrene in 
order to form a combined structure consisting of these two materials and this 

1 5 combined structure is placed between the inner and outer plastic liners. 

2. A refrigerator with high insulation and recycling performance according to 
claim 1, characterized in that said combined structure is used as the 
insulation material between the inner and outer surfaces of the refrigerator 

20 cabinet walls. 



25 



30 
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